
Next-Generation Linear Colliders

Tor Raubenheimer
SLAC

l World scene
l Parameter choices
l Designs and Test Facilities



Why Linear Colliders?

l Electron-positrons are stable leptons however they radiate
synchrotron radiation when deflected

Uo[GeV ] = 8.85 ~10~~ E4[GeV ]
Rbl

l The rf system must replace this energy loss and thus in a
storage ring cost and size scale as the energy squared

LEP2
Length [km] Energy [GeV] AE [MeV]

27 96 2500
SLC arcs 1.2 46 1000
PEP-II 2.2 9 4
SLC DR 0.035 1.2 0.09
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ILC-TRC
Table  3. I
Linear  Colliders: Overall and Final Focus  Pararnetcrs  - 1 ‘TeV (c.ln.)

- TESLA SBLC JLC (CT) JLC (X) NLC JLC/NLC*’ VLFZtT cLIc”*

to rlpdnlc  y.ur machine ‘TRC Updated* TRC Updated* TRC Updated* TRC TRC IJpdated* TRC I!pdated* TRC Updated.
inlhmdinn for Tnblc 3 I. 1m5 R/!V I2l95 IO/96 I2l95 .I:“8 12195 I2195 12:09 12193 I O/96 I2i95 Y/98

Initial energy (c.m ) (GeV) IO00 800

RP frequency of main linac (Gllz) 1.3

Nomind lmnln@dty (18’ CHAT ~-1)~ 7.48 27.5

AcNa11mhslty  (10” cm4 S-l)t

Linac repetition rate  (llz)

No. of vartlcbs!bunch  .t IP (IO”)

No. of blmches!pulse

Bunch separation (nsec)

Beam power/beam (hfW)

Damping l-ins energy (GCV)

IJnlosdcdhadd’t (MVlm)

Totd two-linnc length (km)

Total beam delivery length (km)

,e, ‘1% (Mad x 10.6)

P.:IP;(-)
m,;/ CT; (nm)  befom pinch

u; oun)
Crowing Angle af IP (mrad)

DlnuQdcw f?,/n,

H,

Upsilon sub-zero

Upsilon efleclive

63 (%)

%Cm. of*pr #)

I28 50

5 3

1.1 1.41

2260 4500

354 I89

16.5 12.2

4 3.2

25R5 34i34

58 30

4 2.5

14106 81.01

25t.7 1513

59816.5 39112

500 300

0

.2/14 .2/37

164 1.8

,053

,053

25 4.7

1.2

~l,,,(Q,‘“.~ov/c,8,1,-0.15) 7.3 28

Nurou /clwr* .I6 .I9

+, x ,I,-’ ( 9” - 3.3 01% 1 c ) .66 .66

1000 1000 IO00 IO00 1000 1000

3 5.7 11.4 II 4 11.4 I4

3.25 6.4 5 53 IO 10.4 9(7.5) 17.3

6.3 6.3 8.2 9.17 14.3 l2.9(10.75) 13 1I.S

50 SO 150 120 120(100) 300

20

I

2.9 I 44 I .39 .7

50 72 85

10 2.8 1.4

5.8 4.2 4 64

3.15 2 1.98 2

42/)6 58147 56147.  I 73158

33 26.6 21.8

4 6 6

101.1 3.31.05 3.3l.03

321.8 4111 301.2 IO/.  I

572l9 37m.2 318/3  14 104/22

500 120 200 90

3 6 8 6.1

.26/l 6 2 .07/12  I .l6/15.9 .I/8 6

1.68 1.32 I.6 1.42

.06 .28 .5 .33

.06 29 .33

6.5 9.6 8.34 9

1.4 1.4 1.73 1.2

7.6 13.8 38.5 4.9

.I9 .55 61 .I9

.8 s.3 3.5 1.9

1.1 .95

75 95

I.4 28

79 8.7

2 1.98

83163 72.3155

I87 IO

6.8 NA

5105 4.51.1

251 1 12/.15

36012 3 23413.9

100 120

20 WV

.OJi?.6 .I2172

1.35 1.46

.27 .3

.27 .3

7.4 103

I.1 1.43

7 184

.25 .33

2.3 2.3

1.7-7.6 9.5(7.7)

2.20-10 13.6(11)

4000-l 800 150

4.8

3

loo/91

I4

4

2o/.oa

.R .4

I-IO 150

67

2.6-l I .‘I 7.21

2.15 1.98

80178 122llOO

I76 13.5

24 2.0

3.912 I 48107

200/.  I 101 I8

2000/2.7 200/6

750 200

6 I

.2/165 .22/7.4

2 1.32

.I2 I7

.I5 .I8

26.6 7.7

5 l.S2

? 10.4 3.4

7 19.9 .I3

? 94.7 .95

1000

30

Initial energy (c m) (OSV)

RF frequency of main linac (Fllz)

Noml~llumimsity (IO” cm= s-l)+

Actual lumim~ily (lOa cm’ s-l)+

Linsc repetition r*fs  (112)

No. of Qmdcb~brmch at IP (IO”)

No. of bunches/pulse

Bunch separation (nsec)

Beam power~eam (MW)

101.1

123/2 7

50

5

0712  26

1.34

.57

92

1 I

7.7

.I5

1.27

Damping ring energy (GeV)

Unload&loaded (h&‘/m) tt

l‘otal twalinsc length (km)

local beam  delivery length (km)

yQ llr) (mad x 10-6)

- TTSLA SBLC JLC (C) JLC(X) NLC .ILC/NLC** vLlwP CLK?

10 updms your mnclrins TRC Updated* TRC Updated* TRC Updated- TRC TRC lIpdated* TRC lIpdated*  TRC Updated*
informntml f<v’Iablc 1. I 12l95 898 l2/95 I O/96 12i95 4iYR l2i95 12195 I x99(1 I t/9.( lOi96 12D5 F/98

*If a number doa not appear in the updated column. this means thal the number in the TRC column still holds.

**Numben  in ( ) under JLC/NLC correspond to 100 liz repetition rate: numbers in () under CLIC correspond lo a.
20% dilution in 0,. and 5% in 0.:.

’ For  tlw uks of uniformity, the nominal luminosity is simply defined u Nz/4n u.c” *I tlmss the number of crorsing¶ per SOCOII~. and in all cases aslumef head-on collision%  no hour-glrrs effect  md no pinch The actual  luminosity incorporates all thne elTecu,  including cm<
applicable. NLC and JLC cdculatims (~csume  crab-crossing.

tt The loaded gradten include the effect  of single-bunch (all  modes) and multibuncb beam loading, assuming that lhe bunches tide 011 crest.  Denm  loading is based  on bunch charges in the linacs. which are slightly higher thn af tie II’
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Luminosity

L frep 12, N + N ---
27r =x= Y

l In LC,f,, tends to be low and thus the luminosity must be
attained through charge and beam size

l Fortunately, there is no beam-beam tune shift

NLC
SLC
LEP2

Lum. frep nb W0’“l ox [pm1 Oy l#ml~
1x1o34 120Hz 90 1 0.25 0.004
2x1030 120Hz 1 4 1.5 0.5
5~10~~ 1OkHz 8 30 240 4

(PEP-II 13x103’ ( 140 kHz 1 1700 1 4 155 6

l However small spots mean small emittances and small beta
functions: 0 = I/@

*Two issues for LC: energy and spot size



Luminosity

L f- rep f$J+N-- H
47r oxoy D

l In a linear collider, the luminosity can be re-written:

L - pac%c%f N H,-
4m#?ls 4, Oy

l where q, and qti are the ac-+rf and rf abeam efficiencies

l Flat beams are used to reduce the electromagnetic fields
at the IP. In this case, the ratio N/O, is a measure of the
beamstrahlung (= I$).

3 Luminosity is determined by P,, qti, oY, and n,
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Luminosity Spectrum
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l For clean C spectru,n ~2~ is more important than 6~
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Wakefields

l Longitudinal wakefields:
- long-range (beam-loading) must be corrected by varying rf system
- short-range causes correlated energy deviation along the bunch and

is corrected by operating off the rf crest
- w,, Oc 1 I# ‘h,f

l Transverse wakefields:
- long-range causes beam-breakup and must by corrected by

damping or decohering dipole modes
- short-range causes tightest alignment tolerances and single bunch

BBU and is corrected using BNS damping
- WL = 1 / G for l-r and = q / 2: for s-r
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RF Svstems

Lower frequency (S-band and SC) systems have long pulse
lengths (3ps - lms) and require lower peak power -
sources are available or are relatively easy to develop
C-band system uses relatively simple (long pulse) klystron
and rf pulse compression based on SLED-II concept
X-band requires high peak power and shorter pulses (350
ns) - not as well suited to klystron / modulator pulses and
thus use rf pulse compression
K-band needs very high peak power (400 MW/m) in
shorter pulses (- 100 ns) - store energy in drive beam and
use a two-beam accelerator



Main Linac Power Units for 500 GeV c.m. Energy
(not to scale)

JLC(C) (5.7 GHz)

(1780 units)
5ilMw

SBLC (3 GHz)TESLA (1.3 GHz)

JLC (X) /NLC (X) 11.4 GHz (414 units)
VLEPP (14GHz)

I?34 !sections
5mb--53m-+/

I.

Launcher
Multi-Moded DLDS (4 modes)

L - 5 3  rnA

Multi-Moded DLDS (2 modes each)

TBNLC (11.4 GHz) CLIC (30 GHz)

M Modulator
K Klystron
DLDS Delay Line Distribution System
GK Gridded Klystron
IL Induction Linac
PTS Power Transfer Structure
VPM VLEPP Power Multiplier
PFL Pulse Forming tine
NCL Normal Conducting tinac Q-08

8020441

GL



TESLA

l Low frequency super-conducting rf for high efficiency and
weak wakefields 3 relatively ease transverse dynamics

l Large bunch separation to allow damping of HOM - also
allows intra-pulse feedback to ease jitter tolerances

l Operates with very long bunch train at low rep. rate
l Difficulties:

- attaining high gradients (presently at -30 MV/m)
- generating long, low emittance, bunch train in damping ring (15

km circumferrence)
- generating positrons (power density is too high for conventional

system)
- Cost!
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He gas return pipe
(support  girder)

4.5 K return

70 K return

input coupler -+-

vacuum vessel

70 K thermal shield

-, 4.5 K thermal shield
_I-’-N

70 K forward

\ 4.5 K forward
/II

I
I-..--.: ‘-. .___ alignment  targets

1.8 K forward

SRF cavity
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TESLA TEST FACILITY (HALL 3)

1 125 m

Cavity Treatment and Assembly

45 m

E Cavity Testing (RF System / He Plant )







NLC/JLC

Based on X-band technology to allow high gradients (77
MV/m) for expansion to 1.5 TeV
Damping rings similar to SR sources
Rf system under development for over 10 years
Difficulties:
- stronger wakefields (although less effect on dynamics than in SLC)
- diffkult to develop high power klystrons because of space charge

effects and need complicated (although passive) rf pulse
compression system

- accurate machining ,and construction of accelerator structures
- sensitive to component jitter and require very good stability esp. in

the final focus
- Cost!
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Next Linear Collider Test Accelerator

GOALS

l To construct and reliably operate an engineered model of a section
of the NLC high-gradient linac.

0 To test those beam dynamics questions coupled to acceleration.
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Klystron X-Band

Modulator Accelerator
Structure

Beam Dump
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CLIC

l 30 GHz rf frequency for high gradient operation - allows
consideration of multi-TeV operation

l Uses TBA which has advantage for very high energies
l Difficulties:

- two-beam concept is very untested
- tolerances scale roughly with inverse of rf frequency and are

tighter
- need strong damping of dipole modes in act. structures
- require very small emittances at higher energies
- final focus and beam collimation are quite diffkult at high energy

and probably require new concepts



34.5 km

< 13.75 km 7 km
I

13.75 km

Main Beams - 9Gevk ” ,
151 bunches of 4 10  Oe+  e-
20 cm between bunches

L +,;IY  1- .-

e-

e- e+
e- MAIN LINAC (30 GHz -150 MV/m)

TORS - 687.5 m each RF power at 30 GHz

1150m 43 m\\\ !I -; :“ \/
2cm

INJECTOR DRIVE LLNAC >I between bunche

937 MHz - 1.16 GeV - 3.8 MV/m COMBINER r-- -11
K /i',

90 P
196 modulators / klystrons

50 MW - 90 ps

i

-_____
86 m 43 m

__.~
32 cm

between bunches

9 0 PS
320 trains of 134 bunches at I. 16 GeV

20 drive beams of 2144 bunches at 1.16 GeV
Charge 37.5 pC I beam - Energy 43.5 kJ I beam

i

42880 bunches up to 17.5 nC/bunch  at 50 MeV
Total charge 750 pC
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A Damped and Detuned Structure for
the Drive Beam Accelerator

G. Carron, A. Millich, L Thorndahl

l Change iris cell-to-cell  so they don’t ring in unison

l Damp higher modes in each Cell using four
waveguides
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SLC

l 1st linear collider
l Learned about:

- Wakefields, BNS damping, emittance bumps
- Polarized electron sources
- Beam-based feedbacks and final focus tuning
- IP backgrounds
- Operational stability (and damping ring difficulties)

l Close to design luminosity
l Physics results comparable to LEP with order-of-

magnitude fewer Z,‘s due to polarization
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Final Focus Test Beam

Prototype of NLC final
focus system
Has demagnification of
roughly 300 while NLC
needs demagnification of
about 200
Uncorrected geometric
spot size is roughly 4J
times nominal while
uncorrected chromatic
effect is about 25 times
the nominal spot size

Quadrupolhs bipole4 Final Quad;
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Beam-Based Alignment in FFTB

t tI
42

l Quad shunting technique used in FFTB
l Two problems:

- short alignment sections with few up- and downstream BPMs
- synchrotron radiation from horizontal bending reduces BPM

sensitivity

l Expected resolution in NLC is better than 1 pm with 10
downstream and 10 upstream BPMs for fitting

l Questions on the magnetic field stability during shunting
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Summary

Presently four or five active designs: TESLA, SBLC,
JLC(C), NLC / JLC, and CLIC
CLIC is probably a next-next generation design with
higher ems energy (- 3 TeV)
SBLC and C-band have more limited energy reach but use
more straight-forward rf systems
TELSA and JLC / NLC are being pursued most actively at
present: both are working towards engineered cost
estimates and have established most of the essential
components although both still have many difficult
unsolved problems


